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L,, L,510L-o (2-8)4L(2-9)41)v MT4ODP-,0)141M ,fxls(Q).1 
Is (Q) _------------
As sc (Q)(Isc (0) — BG) —(Ic(Q) — BG)Ac ,c (Q)(2-10) 
Liss(Q)I)"Gf+1.[KI+s(Q) T~t,z2y5G:.Gt, 4-r-±611MclL z ~'< 
GoDatlAxzNATLtZ 2, —1)4)Zo 




      //'~ 
    D=NvGv,coh/Ns°s,,cooh
`ILiY~,r~(2-13) Z6 - 0 s.cohf Q V,cohVd~~ut~lC~'', 1,051µ1t1&~7LkkAM. Ns ~~C 
U`NV 1'tT 6:( zAIA-Lif,1,ODI, ±trc6zo 1+Sv(//1':;''71-.0) 
Is(Q)=Ns(OS.cohs(Q)+asIflc+As (2-14) 
tiaMifi1 apliCt, Sears [S1]V.I.ct T— "t .m cLG: --DoZG , 
Blech & Averbach [B1) Gict: ZcLfrfif c;t1ZL‘Z 
   6~1G~ Z*,)93t~o t~^^JX1E~ 7--6, 
Ac.sc > As sc = exp(-a - bX - cX Z )                                               (2-15) 
Ac,0 = -a - bX, — cX 
o-) Z (Lm L., a , b , c — \Z GtPaalman & Pings [Nit: 6: J 
10:. Al t` oA %M3 G ` ck: 4J1 'll10) 4Ix 1-X G ,[11'11: -i- i)X
29
AG- L-iV'JZ  )  0)  c  L  -C  IR  O  #7  -) L  °
2-6 1+11'I4-HIdL 
a) 7111.1tR 
rt-Plt.±4-H*it&tLillilt‘ILANI-D5-}YLEJM (®2-14, C %) ° 0)E—L 
7"-3 gmit 0Y7°titG- 610>>1< PM. Lz(`Z° ®2-
18(a)LAM-D})'(.[ I 110MIEW-P° LAM-DG- G135° 7&U'80° 0)1=1,b tLi-J=---D 
3He M%atJVcki f`f,G-&Z . 'LZG'Ta° IlilltaD1$GL)(-FO)ck 7 ZZ.0 z t~ L 
  ( 74FfA~~G~3;~7-f—;-5—GL.~-DZ, 4.22AVgR0)~'It 
-- c a ptip'J p= /PO-DG-----tc: 1141 
6 ~ -)z(d'70Dz, ~Jt-f-NIPL;M;1zilmIt+bq11'tr1-Z 1111 r~iJ 
                                               41-7541 -T
733cm. 141P'7 > — Z1)55cm—C6 Z. y 
bj 1;t1.Z( 1~---0) -r i , 8usec—C6 , 200meV1`CODELI,~z~. 
l~ — T~n Z . _ l~ —~3 f ~i~t~`G G ~J (AE - 0.4meV) t~ ipiJ t~` p7~~z 
Z. 35° OttTn(t0. 54A-1<Q<1. 37A-10D T0i* Tn °c0)* LI#'1t ~ . 
It:80° 0- MZ-G1.1.62A-1<Q<2.28A-10DTlYi .TOPIAON L'Jt - #i~ 
   2-1NL-411-=~~l,Zl,1 t0.3mm40&7 
  L.~G-i~1x0~h—'I~LZ~~~;='~L,'10~1rf7G~fl~GtLtz.o 
, fi G---O~z ~~7oGG-0~ ''I fxt~` t~ 7G ~i)~~7`7 4NL7l1 
r rI'".-N riM:BN — — AL,L. ti ---- 6 i 1.8A0)41 
767barn < . 'I 0)''1 11X tflltALi-° i;4=on 
Gt-7)1,''1~z~f]G`itn%~(L1220)[T5~6~~,ZhrA , ytWW 
    A411Thlt--T-tRIOCYDAKV-NrIPAII-Lo 7)1, 
TG--t'% f` lt~, /-7.~—~—fk0)lt~7~Tili7, f=—~-7 ^"l f70) 
2-10
 lx I T F ^ — l W,=1 u , a — 
~' —7 Q r  101G:© 7l1,  ..&41-  , ~#o(~~l1.jJ 
t fl}J1tt~o O)I--6~0 7l~; _ ~ J„` , f--~%°fx~7~~b %~~J ~~)x” 
Z± 5 °CU Fkl t, t.t: t gait, ? KioTe90 450°C i 1. K2oTeso 
320°CZ Zo401-orDiliiJtr:4  6 [41389 
b)f fLltc:4 JJ- IG'u )xG(E)044Hi 
4-1=T 'It L1 4 t LZ4t.'I~,'IcLriJt~`~4 F1 -PL. ,ftz(u)) O fta~ 
[7iTtitZ -Te 4a LT-s'Itwc L Lt`' t ts. 
`o L? l„ -T-;u 'It ctL1 4-_-)t, to G 4f, 
   TL
{~1+t~)JIGw1t~G(E)~~~~~'~~;L}~ao  1~31----711X~%]4~~z 4r ittiluL ro&O) t-: 5 E -1%I 1 "~ ~ o 
d2a k/ 
J Wcite-bb>,(e'Q`,(1).e-'Q`1(0)>(2-16)     dS2 du) ~onk,,•        >T 
, a 4 c L Rf ifr1 , k, Lk f -- i L it ± G L b 
4 t L Q )1' r 6 1E i ~11ti 1- II', ()T 4/ '`trc6 
r, I$ ~ #--~ J R, ~ ~c o~' tJ\ L; O) —L u, op fa Lis 
                                                                2 d2 CFk 
             (b)2 ----t di e" [1e'Qk3.etQ°,(t)(2-17) dQ duiconk 
o u, 4IP,74O)®-fl^7 f")L'e, a--Mfth (u) , 7 io)/$h-A7iTAMP 
~ a , a+ -J 1l,         3Nfl )"2eu(t)=s [age'°`+a'e°'`J(2- 18) 
              2 mws 
Lt, -- s 417 F.%rl,ZoZQ (2-
18)4 111 Z, (2-17)4Or'oDexp(i Q-u,) -1. 11 L, 1 7 - / 7 flapi--la 
(  cr. a3NN 
             =b)2 k/J~dte,w,~QR1tiaQ.,                                                 [riew,,+(II, +1)e' °ir,]•e-,«    dS2 du co,k,s =, , 2 Muw, 
(2 19)
2-11
 L  t  0 :.. Zn ‘Its"—X .]-f-. W G1T%~-f • '7 ~ —N -Z, zc*1,IC1"1. 
rrs = exp/ho)\—1 = a: a 
               k8 T, 
      W=3",h2    vY
2Mws Q•es(2n, +1)(2-20) 
L--q-.0 (2-19)4,:G' , 771- J 70D hr1i0/Gs H- L, 
    d2 azkf3NNQR SZti(rts +1)e-2W                          
   dS2dw= (b)kb (w-ws) Ee'.(Q.el)2Mw-----(2 21)    cohs=~Js 
ctd0 
-f , 4-r .ItI tLa 1 7 - / i/>,6`I Jitc Li c5}kt1fi o) 41 
  d262k3Ntl(rr+1)  
  [dQdWJ=(~~b~~2-~b)kb (0)-00N(Q'e,2M                                      )we zw ( -22) 
•mme-7mfss 
  (d2o)=(Kb)2-(b)2)kf3N.z(0)).(Q•el)h(n+1)e_zw (2-23   dQdwkJ2Mw 
-1,Ta0 E (Q.el)2G: -.)f,\Z, el ‘IQ G` 1-l.Z-- 711,,t,4: /31(11-10D---C, 0DZ, sil 
GIpc,\Z"fhfLL, 
  1  d2 a=((b~~2(b)2)kf .Nt1Q2(n+I)e-2Z(w)(2-24) 
dS2 
    Inci 
             ,-~r,/~I,y//~~{{~~I 
F~L tc•O~-0.t -5s -~(ItSXL0)fJJ~n, 4-I J+If SLI)1/..t'J,I/1XE ~-I~ G w /XZ(w)/A14G4L~JO 
L:1 zT-6.1t LG-,:P (2-21)G-. D \Z. Ee' QR' •(Q el) ZODIt, 
   [1e'QR'.(Q.el)2=EelQR'1QRI.(Q-el)(Q.el)(2-25)  Le ll, 
•'i.ZO1Y ., (2-21)4 i(2-22)ALV , 7 i :/ OD Gw--  0 OD 'IC,) 
 - (i D L— V i I- ff_M L P Y[ P71, 1 tc.:. 1. Z i4 G 't. 7 1- i 2/ 0TRPG wlx 
---SaTL tt tc T EV1=R et &,)( generalized vibrational density of states ) 
G(O,E) L tO 1 b ,-5-}f:ZtG(Q,E)Gt          
1  k 2ME  G(QE) -ez«.(d2 a  (2-26) 
          N(b‘;2 k ti2Q2(n+1) \dS2dw cuh 
L -q-, 
                                  2-12
 LAM-D3}51LZZ4t, rt \ ttLA35° ca0 .6_st, NZ-0.54 <Q <1.37 A-1,fitlibtL 
A80° 0DO 'il--4`$s(,\Z1.62<Q<2. 8A-1. O)Q 
WC  L , 1 6: 14G .LO)4 G(Q,E) C td C 
  G(E) = sQm 4nQ2 G(Q,E)dQ 
         
1  k,87rME 
e2w1QdQ d2 a(2 27)•         N(b)2 k fh2 (ti +1) Q- dS2 dujcoh 
M3-}-4-LO filf(`O)Z, WOpQ'I 
WALL.  G(E) Lk-NI/AI-0T  S(Q, E) L OIM 41., 
d2 a2kf  
  dS2dcu-N (b)kS(Q,E)(2-28) 
                   coh 
G(E) _  831 ME  e2W rQ-S(Q,E)dQ(2-29) 
tt (ti +1) Q,.. 
L -ftL [G2J°
2 — 7 ~'It-T-W1titL  
a)iJt1.-N 
i''It I itZttUt2-5 Z 8 LLKEK. BSF. KENSO® Inverted geometry ATr 
rE113) •Fr-}YGgLAM-40 (Latticed-crystal Analyzer Mirror Spectrometer ) -
fril t'tt [ I310 02-140B  LAM-405}5'L . 0 ~ Z 4 20K6`t~'~ 1 t~ ®~ 
r° imIt± 4 L tL iJ1i1 t 1, Z ti ‘ L ° 
2-18(b)4:LAM-405}Y O U'. ° 
~i ~ 7 ~--0~3He # 5, 0r)f',-a1'116° O)Crelit-Ar tL 'z 
~ z . 8-120°  0D It L fIl i1±1J t J L Z ~ , L ° rP it -T- D b\ t;1a- 
7xIR&It 
  LAM-DL[p7LC)-(Q7'~77' -- -3-4`J -)Z, 
4. 22A gyigiRop ''It-T-0) a4-3tiilJ eLL° 'I 7  6trh'It7'N' NIP L;,1-41.4 
-Zb r,3570cm, X bNt; :M I'Z1~120cmZ L°0~~ fi i~~~~rpkyb 4u 
sec-C6 ,200ueV ta~ZG~~° %1~~1 ' etc i J
2-13
 6I0. 2A < Q < 2. 6AZ ~° 
b) 
1 ~a'~n~n~7Q ~ C G LAM D~GiG  liZ&5Z(CJ2-19, 2-20)° 
a K10Teyo 450°C L ial*K2oTe80 440°C, 320°C Z. Z. cD 1JM7 L Z 
F '( K2oTe80G::-1, \ZG115. 5° 23. 0° OD 2 r  7" ' r 7` cALG~ 
7a Q G rc L ~c l (Q = 0.40, 0.81, 1.20, 1.57, 1.90, 2.20, 2.46A-1 ) (Q = 0.59, 0.99, 1.38, 
1.73, 2.05, 2.33, 2.57A-1 )GAlfILI-Z° a KioTeyoGi-Di,'ZGI JJ 7 i7',/L23. 0° op 
c)S(Q,E)7 ' 7 F)/0) F 
AftAgt Is (0,E) 0`J aw+s(Q,E)orQ9r_-Gt 
Is(Q,E) = N(b2)S(Q,E)(2-30) 
4DM M*4A 04---aTxU`~e--aop (A1J i t~ L~i JV c (Q, E), (Q,E) 
t)\ p s1-o) G::_ct:ZNIATSIs(Q,E) vImIi7CIFr0)(2-10)4 PO, UT0P 
Is(Q,E)= ---------1 {(IsE,c(Q,E) -BG)-(Ic (Q,E)-BG)•Acsc (2-31) 
13 As,scAc.c 
ittLttfi GISearsoP ES11 )1]( 193ARWRItPoncet Utz. 
R=(13•r1•DE(2-32) 
(I)GtA tl +a)s)1,*-53•40)1i IE  — 
   7—ZiflhJtLtz_A imit -o)=4)Gr —53-41 IIEG\L° .1)7 ---Opct 
4'0A-41F.44-C., Of:. °;C1fIc.ot~i<J-:)r7L. 1'4 
G i>1iJ a ~3iI fJ~ c---G~G —YALZG\ttG\O)Z. *N4rrJtd 11-.4*. Lt 
.Y5 C r7 i 9 — Ili`.3  IE ° A E (IN Pr4 
T"l7—i-0p(11l1tT-9bN=~~ltr—7.T.y7°—tO)7i7hj:-
. 
 tz60-s-l1/—;tiiF. l Z:0. 
    3
(2-33)          OF_=dt/dE=_ t                  k
m 
 ct 41'I'17- Ais — 4[J0 kit. m 1iti -C45 
2-14
 U_E(2-30)  -(2-33)0  4  G  \-  . S(Q,F') --- 
i;G_, T 'l.tn(Q,E)G`, [B810 
S(Q,E) = exp - 2kT)S(QE).(2-34) 
                                 B ui~f~~~7G:~a~, z~•lU—~G~u~ ~idtl~'/~i5}hG 7~ZG'~a 
rIllit iA =[ F N G-i- )1/ — T4Z)ju tt.Z up scattering O OIV 
® S(Q,-E) )Li$.—loss down scattering oD M+ ' k 
S(Q, E)OOPr_t 
     S(Q, E) = exp 
kTS(Q,-~E)(2-35) 
                            B PA%/Ji6o ~ZS(Q,E)7" 7 F~~G t )~ —E \O) 
. (2-34)c:.ct: L 7S(Q,E)-1  Z 1QiE 
       OS(Q, E)-E~CY5ZS(Q,E) L t I L -f f4cfL tLf)i l` flM.N1 -0), 
   6LS(Q,E)G:AlTh-LG:ok~a~it~~a lZC~Tao ~#YX6~ r c Lo~h S}G , 
Lorentzian«*L,-o") -T1hwGi--ok 0 t)~G~~ ~7 } 
~~-~ ZG ~~o t.zc O~ - ~hw~ 5}5 fx6 QG` Of&4l,t4:0Lt;I-L [BBJ~ 
   r' U:1  Jx L7 L,
TJ[rl~O~ ~ j'~ ~L%)1~1 G~ G \Z1. 67A-'L~i®Q ZGIS)-Wtr_ l,Z 5 °o )SE 
L N-M6 Gt-Ltdtt\ -4; Clloilt LL r T4(i'f*K-Te(ll Q f (I, iA1*Tlli)14. 
   ZS(Q,E)0'I'T~~n7< _ ifiOnflAzI titt1; Lt S}G ~-Wo) friVit'r_RtI Z 
L G ' f TA-t E Z 6 - L o it-7-C,  ,#c L G ` ~ 1 ~ rI~ T 6 'rr t~ ~~ ~ t~ o 
 illlltY-o)5}fir'-g[ ] ILA6t/ rj14811t.t: "i4 LAM-4O5}) 
b Inverted geometry -fTjoZG C7 ok 
LZ t fit~3[;~ ~o ~-arDLY5p.M1`,J~~t~"rzS(Q,E)141 t 
VicC , n i , s — 3 > : c 0 5}m to --o-5} 1T --) t~. 
"Z. J- 1A1,C- ?a nr:g(IfL - --Co< L(,v7=1(: G . 7 LZT t;4-,L5) 






 R12-1.  7)1,7'7  I)  `   0)X  WA  B  oR6:.7) Il*f-A  'LZ z1I4 Lt~t Ao13 
•:—f—Zl:~o &6_Fo{Ioofy:i•,7~G~Zl~tti7°zi~,lLtz, . Bo[i' 
               Ltzf Dzfi6` < 0 `c) f6,:4f* Lt:.aG`=vinZ E=6 t} 
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 R12-2_  -7)1/)   I) --7-ML,q~T.•O)I'F1  is7[  %a  ' -^7t  pk]ZAn6.: T
l~l~ B o[.;6:7)L ~) ~ 1~ D ~6~D1„l1l4oZ E Got-5 r 7 1' l 
ZttiL. D~~~-~ -ZfC ~~ Ei3I Lt~4C~1i —~ — Z~~tl 
L~Za1bQL~xlct~ ~o 























































72 6. f rP~1 f#1 ` ~~ (a) 5' 77 ~- - i ti (b)Te ,' 3 r k (c)fa (d)€ o)f 
itA1, t. 1$ (e)A7e f}'<) 7 (f)11et•~ AJ-5J<i1,77ilit'1 
)1/g AEtib,—.L h1JU:..MLt:.16:Neti4ALz. i 1~ipiltUr . 
to I t.:. a ity5 /,A *x E-c- rr 1,Z1.nommit mtno 1*gl-
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 m2-20. LAM-Dmr ziP OO 7.T%l/~Z c 20~~—I~ s tf c 
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M2-21. .:-)-- Litillt4::ct-DZaffdELt: .=- )i, —5} -r
2-32
3 V.  T-  #h 
3 - 1 EXAFS  
EXAFS=r- o~ff G: ~G ~ZL~ FG:^~ao 
a) EXAFSA.4.4 
  i I. +ogz1bmZO-EXAFS7' 7 I~ IL'X (k) Lb *Z [T11. 
x, (k) =EB,kk) • rdr•P(r)•sin(2kr +10,)(k))(3-1) 
   J J 
3(r) = 4nnor2gu (r)2r2(•k))(3-2) 
r 3(k)=•13,1,(k)+,(k)—ht(3-3) 
CB (k)b j 1, 7.01 V tLCrPia. ,, (k)Gli :. 'b\ GRffii tit,-JC,F1±bj 
L$ •G::c T7~t1, 11.4fxi l.$<TaI G:)'L+/JW• Ziifs+Ez 
U`) !,$ 0t-T-'ii-7J1/G:_ctZttf_ffli7 H Pr,(r)lif+l$+O )4 of 1.$7O) 
effective J$ 53 •F1-, C, ?(k) GtyL ,-T--0) " 7 n  0mk) G_ ct Z 
O) t: 6 G: , EXAFS Z G t i g -T- O l  ` 7 tV/k b` 
/tI4L O •tc.:B,(k)Opk'( ---iti)Ws —opiz.ckb\ fA7jaL$+O) 
~~J ?a Li) MA:ZO (3-3)40/ )1G - op(f OD Acit Alf-Zi 
 Tao K 1-1R§Z COL,t WZGt1=1, L2ECULAIRMZGt1=01tzGt1=2 t4.Zo 
L., 4nnor2g(r)~` r7~~~ Z TL;LZ ~a —DIi AttaTO®op 
 AOct-5G=I.$+ 1t O)JJ0ZAT-ill& 7L,ZG,ZiCi (k) ‘t 
X,(k) _ ~B,(k)N,sin(2kR,,+~,,(k))•e pz2o2k2 —2R,, /X(k))  (3-4) 
N1, b`cY 01)it+ roptV,{PLV,TRW 
t o GtR,j 
B(k), 43.(k)G
~p:~G~ZG/t~, Teo           &~M                       Lee[[T8]cKaleG[M4], RehrG[R1o~                                                }]1-PG~. T-7•J11)~1.114]Z~JZ, ~C~iG~ d~7Z~ ~j t~Xep(k) (3 4)lVG~ ~GI~/\ 




 b) x(k)07—') =-V TXZ1U7—')s-7 f 11,9 
xexP(k)/`t 1 d 0) ~x'„(k)0» 7—')s7-flliY— 
x(k) 7 — (3-1)4o , x(k)OD 
7— I)  ssin 1 
Fs' "(r) = 1 kx(k ) sin (2kr )dk(3-5) 
(2t)1'2
0011.53}-fhP(r)4` gt, t Z6Zo ®3-14:_t-Te2Uil z 
f*Te0DFs'n(r)bq& vCZT ^ 53--VIV4L C < Y t . :9' L < J ~ 
0DMIAit, —B(k). 
1R1IG -f-‘4--D--C-31 iF t1ll'i LZ <~; 
Z— 4~x(k)O)7—') r 7 -f )1/Y-4`4trI.f.•7—') sCAbgl1q `EliZo 
F(r) _(2n )12 f kx(k)exp(2ikr)dk(3-6) 
   LZ4'c; F(r)O)magnitude 0ta LZ Id ~`70~I I, a 
°—lJ % 7—')s 7ao ®3-1O) k F(r) LZG`7a0 t-Te. af*Te 
*2. 6A Ezl?4: bqaglkopTe-Te;t4AfA Q 
/~LZca14TeO) 
                                                                                  ,`~ao
F(r)G~4I47 e—7O).~,,1Ai12.OA1G~j /1\td°—l~~~7_i~ot-Te4~- 
Zt yg"r e.ZOZFS`"(r)i) 2. OA 1=1=1,L, LZRtQfALWZI, b~075` 
G53'b\Zo Llii1B(k).(k)O)k1-A--'It7`Ut1 1J O)iY*)L' Z. FEFF 
 — [R1 J4: J -) Zp1-W Lt:TeO) Mk) , (1)(k)bq113-24:T LZI, `o cl)(k)bq 4 f 
LZtO)1tA t-TeO) F(r) 4` 1, `ZTe-TeJ,-A fq A 
  s— J (t. **0)Te-TefA -R2. 84A ct: (`c. 4`f~,'i,Tao ~ 4: 6 A 22 
L4~~TaB(k). (1)(k)ORr n,  Zo cp(k)4tEXAFSIUDJO'LL Q4fi6 5 -'-3- 
~ OYt (3-6) 4~ r - t~ 7 —'J s x# ~~ 4: 1L1 ~°— 7 f`i'to ® ~ 
tc 7Z~~~o 
.G0)7—') sx1A4"rLZOP-'10`IZIJAL LZ, LeecBeni[L174`ct: '9 
"l. APCFT C ( Amplitude- and Phase-Corrected Fourier Transform 
Method ) Z.T--AI4ODEXAFS7 7 f` 1p4 i 
  x(k) =B(k) (dr • P(r) •sin(2kr + 1)(k))(3-7)
3-2
 LB(k)Tx.U4)(k)t  alfiLt  '1,4  •, 
F(r)APCFT =  1  f kx(k)  
•  
          (2n)''2 B(k)exp(-i(1)(k)) • exp(i(2kr)) • dk(3-8) 
Lto17"5 L. B(k), (0(00-Y,;  %:ItZ. 1 J3-34IFEFFD— V[R1]4:ct 
7aB(k), 1)(k) }liG•Zt-TeLai*Te0DEXAFS7 F)Ii-APCFTLt,:t0D—C6 . 
3-2c:Jt'z , MIR°—'L' L L t cr. 1 -f 
ZG ~~ /5}b\Z0 0) 1 °-7 
  x+(k)1         k(2
7)1/2JF(r)"PCFr.exp(-i(2kr))•dr(3-9) 
  \74-(‘ Z7— )s7-fl1/ —1-ZL.g# 4)Te-TefURIODZYa, 
1 Z LJ ltriEL i1 >7 1-0)A- \t "X+(k)7A4 *"l.Z. 
(3-8)400APCFT4:4t. ' e70 X(k)hi(3-4)rt°)J -5 4: 
U—Fo ct: sUi z Z0 
F(r)APCFT = 
B(k)              k) •exp(-i$(k))•exp(262 k2 )•exp(i(2kr))•dk 
         kr 
        kj 
exp(-2R/X)  
         -I2•sin(2kR)•exp(i(2kr))•dk 
      krR 
            ek2er2kR- e-r2kR                                           -•er2kr•L(„/k 
          R271,i2i 
e-2R1A. k er2k(r+R) —er2k(r-R) ------------------•dk 
R2 k 2i 
e-2R/X et2k2(r-R) —er2k1(r-R) er2k2(r+R) —er2kr(r+R) 
    4R2r - Rr + R(3-10)
r L6s: Z L. 2 iT24t 1 /116~L-ZfI'513,
to:kTLZ.0-c, 11!111 Z 0 
F(r)APCFT 
               e-2R1~ er2k2(r_R) - erk,(r-R)        z
• ----------------- 
      4R2r - R 
Im[F(r)APCFT e-2R/k{ sin 2k, (r -I?) - sin 2k, (r -R) } 
      4R`r - R 





  FreZRcos2k, (r -I?)  -cos2k, (r - R)  }ReL(  r)APCFT] -------- 
4R2 r - R 
                                               (3-13)                ZR,~ 
-esin[(k2 + k, )(r - R)] sin[(k, -k, )(r - R)]  
   2R2r -R 
F(r) -sin[(kz-k,)(r - R)](3-14)   
      2R2r - R 
~ t~ bv r =RTIm[F(r)a.Pc1 L F(r)APCFT V,T®3-
3(a)4:Tr: ?at-TeO)APCFTG: G\Z, F(r)`'PCFT O) (, ~_ i) Im{F(r)APcFr]O) 
~~— l C f*X L "C4  G4:3.4 A iVC ImILPC                                    F(r)APCFT]~F(r)nFTopL~~—~i1) 
—LZ~ .Cittb 2i40)t~fl-I,ZG ,L~L%rI,ZG\Z.~ 6 . 
 P:$f:0)14JJW®EXAFS4:M1,,fp]21J0) 4 tiltTaoD4`fG,G 1.Tao ~. 
fpl 1 4~ 1L ~UU~ i~ i 7 F /M.  • t` APCFT fi7 G , Im[F (r)APCFT ] 
F(r)APCFT Op F(r)APCFT 0D I.Z 
Ots:Pliag+Op bi_W1AN t~L1=11 Z Z 3 3(b)G:%T 1~ 
L' Te O)APCFT4` GZ41, Im[F(r)APCFT] F(r)APCFT m{~ 4 1`~7k~~t TeO~ j~j Q 4 -~L~^Z 
< ` 0/01111, Te-TeffI bi-1, < -VEI :5}T L -TA11 ~a o
c) rl~l~O)EXAFS #J 
gi*Te0Dx(k) , *TeO)X*j1tft4~~-) Z2:6 G 'l,k_fia.tC[U11\ZL:I 
T Oct 74~.1f o 
k x(k)  
 x•(k)_(3-15) N
s exp(-2R, Ik(k))1 Rs2 
Ns=2, RS= 2.843A, a,=0.03A2(3-16) 
i i*LMunn—C--'LI O)Thi n 0)• 
                                                                                                                                                                                                . x'(k)4i
   x•(k)=B(k)rP(r).exp-2(r(k)5).-----•sin(2kr+~(k))dr(3-17) 
P. (r) - 4n no r2 g(r)(3-18) 
           "CZ  1#2kTe-TeM10")I ~~ . %1Te~t Te4~G~ZTe 
TeJt4A gRGItiL/usgz'ILLI:Gx"(k) 1kt-7— 1l sx# 1, 
Z% 295t~5} f1 CGI, ?t O~ JT S} hf c4~i~Gf c td~ao 4``O~~} f;
3-4
 r0 1Te-TefFIR10).7y.7 —  (k)%,?9'5. L:I~Z fi~~i:~ 
—7-7-r''T i 410°C0R Te4_--)G "-C-R7Jt,:x"st(k)b“M3-4r_
d ) cumulantj r 
x''s` (k) = Im{ SP* (r)exp(i(2kr))dr}(3-19) 
t L. P. (r) !fi'J  Z E11%,("C x {Is[ (k)(1 
(k) = asin(2kR)•exp(-26 k')(3-20) 
L tl- h a a X #v RC^1RM T-G) JM: Mz1i 'o) t N Ns L O J I Z Z. 1, 
     1f:Z G rivs n 'bc a nA 1. Z . 11-534-h rM oD 1 e-,
                                                  111116: t its #-4-D~ 33-o)4Mfrit-4 t}-1t77 L 1, 
-C1411
_-.Y7  L. « tZIP:LcILtcZo T(3- 
19)40) { } op~4 cumulantiRP-J[K5] Z . 
x''s` (k) = Im exp E[(2ik)" c, / n!](3-21) 
n GI 0 L:(_E.o) -C'Z. cumulanto)? in 'L1 riR1 Zi$33'. 1~»k 6 53 fh 
P`(r)4:rrlhzAQ5} ttTao 7(InG fAa~',T-Givot,-_.,iAll>7 F' (k) 






td~Z 7~o 0(3-20)4 27Ko)cumulantVZO P94: ( 1V-C- <  Z0 3&, 
4'&~41P'(r)GXktf;itbN tl;Tao
e)'1—'~-7-frTfii 
oD--tlrZGt 4 7.Zo)cumulantgaljr:Zx''s`(k) l., hifwvJv i
3-5
A; 4:...09' 1-9-7  f yT-r i7' 'rj  --) 
   x`f'`(k)=exp(co-2c2k`+32c4k4)•sin(2c,k243 )(3-23) 
74 yT-f i7'G 5A /)\GrA[}, tdEXAFS# 1IAM7IJ 12A-'VZOrDnhkAZT7~ 
Lo 7-r y -f 77'•'J—(c0 ?JNGc4 VZa)51uz6 4cfetites0 
O--1)N t; EWL"7-fr1`Z~~~~~—7 ANfree 4::G,Nf„e2 0/r,, _A 13 
It 
6Z [BE.ZArt;,,G 7— -f)1/Y—Lt,.rfRi , 0k( 7 f `rT f > Zk 
P y~4l.ZG,Zo C107 f /T f 77•'Z6 0rfa, Ak-7A-1 \ JNfrees6 
  IS.
c.~7q~t—'~'(~l,Zfp-cZ6Zo 74,--(gi{~70DeiT.~ 13-4rii41. 
~~Z((,,~11~~0cT—~x'ls~~k~(t1) 7f%-7-i/,13~e13tLx.fii(k) (K'Xr~Tyl<) act ~X I.~ZL ~~o
f) spliceYt4: ct Z J11}'-f 31 J CO)'---H 
JA Q b) Z ct 7 4::EXAFS7 7 1 )i4: G, low kffii*G)'Iintip L t 
OZ. zc0)i'ELI l,Z l7 1} OD)'G -0 Ma Ltd~~~ 
 O)/J\ t.:YG 4IMCVC O-fA PR td nG)t,.66 — li i t5~ 
IA:td ( t~Tl i Ca~ Gr c L R Gt K, low k n t4,ZEXAFS~~ 7 
f`)libla 4:td ti t(uo-s4~fI itbv*L O 
`®low k n i Gp'I'inb~T7 /PGD1f:Z i -5 i) JA*Z . EXAFS FrtP GOj1I5} 
4-1 -*YDZ Zo Zc`Z. e) 074f 'y-?-
23)J:~T&irt111'i—Y'4i'.T~~~t~Q~t~xs'"'(k) o 
     xsY,(k)=x;`"(k) Osk<kc 
x •'s` (k) k k,(3-24) 
C Tao ke G 5A -C6 Z. 1 1;ttt,:x (k)-tTJ(\Z, 7—)sinx#-  
(3-18)40DP•(r)7 Y5 41,Tao : 0J
L-spliceuT.S~[C2, S31.:.~'1. EXAFS? ~
W~t~.1117Ix~oTtdVGx(r)Cfl< ~~~ y ~o 
Gx (r) = f x' (k)sin(2kr)dk(3-25) 
G~ot -5 4:l,-C*6Lai*Te0DI 1x~}}b~P13-5;1: 'Tao
3-6
g  )'l  {*  T'Ldj 1) — Q f®®EXAFSff#1r4:---)t, 
   L Z '~Z t" APCFT-ff G't- 7 — 1) -I-7  cummlant1, k illj (' 
t~.t —7" • 7 -f • f 7 7 , splice'& 4 ::1: Z MI-5}11M oD 4, W h 0- E-1J • & 
15}1f1-J4=4ff'r\i't1-g'% -\b-i- )ir7 7 A:41t:-
75 5 LZG 2 fil-}1%«op rb-Ag h- 
(F A f:4`~G~Z4 fJ`'~J ~~ ~4~ ?a rt~ 7Ip5}Ahr~R-1jEjG)tzt —7 • 
7 -f ' --f ~7[C4]17tcnvii4 b. ~'O~ td~TIL k~ ~atJ~~G~7 4~ 
f3A~ R LZ G z o e.±0 b\ 
•Lz('-cto, tiL6R2 tlopJt4 AQo) A4_CLA Zo `0).k:-5tafA 
      td ~ 7 J ~ f C a ~~ ~~ 7 L G' 0 R h 41 L:1 T oD ot-5 td R EIEFZ. ''s, 4 7 L' 
tJ Kez1IXrZODEXAFS4VA LZ, Te-Te TIRIO !t LZJi 
(1)TeI. -OR 1. +1 41 fA Q ZfA 4 t'Ltz.l # Tel,$-T-Z 6 141t-f t 1t 
(2)l '( 0EXAFS4s:MLZ, —4'6 AntS.#;L4:cf:Z5}(hoDl.'ItOpt.:654:, ~c 
•'0111i cop) A/ A/Aj( , Jt-hfr AZ*q4 -1,L G 
*i A b` 0*441{'0'1- 'Jr- tEXAFS bitti1IJ ttz 
(3) ( Rb Te~&gf4~~G~Z, Rb MI-Mr- O' EXAFS7 h)1416A-'1%)ho~ 
    '•
cT~S}7J~~C LZt , Te-TeJt-7--*AQ4~rhZaNi-G`LA":G1. (4 V-4-3N.) 
 Oct 7td l b\#lf n7f4`Pa~f,-~, 7i1/tj 1) -f-b`GO)i tSc L 
4: ok:Z*441 1 - Z --- IS O ft41 fiti5<k <12A '0®T— 
•fG`Z. 7-1)i7-f  —7 • 74 ,y-T4 /7171.3:G0. 
cummlan
1ttf:R i( \Z5A-'1%lTOffiJ ZspliceF 4 ck Te-Ten5}1R15}?[i 
31J1 C "5 t 0 
3 — 2 it' 'F —IH I1"r 
a) =5}a Cg(r) 
. I'Sta.or)s(o)41:7- 5}Air ir4g0-) O1 :1M
3-7
             o.
g(r) = 1 + 8n13noJo(S(Q)–1)sin(42r)                 •4nQ2 •dQ(3-26)                      Qr 
 Zno dt140DVZJ 0 _~rt6~ lt~ S~
/CfP~~6 J~0~QS~Z -- ~q Z~~~~41t~Q~P~~QminSQSQmaxZ~J°TJ(Q)/J~IS1~41~oHIT{JIV,Nt,z 
ZT4(;11.ZQS'u:.P311t0.5A-'SQ1O0A-'Z Zo lANUtabit;, high Q 
"C It r,
ilitI4V411tUtz ,i 11A—O) 
a--~ZG t~ G ~~ L1` h O~ T t~~ ~ lk'  \Qmax' 17A Z ~ 
Lo G; 15A '-17A 'O) S(Q)O~ i~~~ b~ ~T—~ T t~o ~ t 
(t=1•~r --aO t''J i I- OffiN— t 1. <'i tj: < to' . S(Q) O)S/NLE-D t tf-Z 
G ~Ta ~ 4~L$~t~~ ~a ~t~~53 ~~~ t`o Ic Z low Q>> i, high QPillO)jO) 
  (q-1%lT~iCZ -7 La 
(1) low Q ff 
   Q = OZO)S(Q) O)'6t4EntI+i 4- T 
s(o)= p KB TKT(3-27) 
OpPMti /4-Do V Z, is T U0) A. Q IA0. 5A L.(_.OWAtPGS(0)d_M 
~ t~~t~ ~00 #9 ; I < L Z low Q tl~~Z o 
 S(Q) = S(0) + AQ2(3-28) 
OpfA Cb~.Qt . 0.5<Q<1.OA-'00:JA-C ,Rck: S(Q) 7 f '1 I- Lt,-..c O)A 
016:1110--c, 0Z, Q<0.5A-'0ofi 6:-7" K-Teaftf;zdt,cT1t---DZS(0) 
O~( tJ~kq~ lZG~tdG~O~Z. S(0)O)'(iht7 f ,r-T-,1 iY •' —~'—~ I.ZJ1 -) 
to 
( 2 ) high Q Ijf± 
  high Q ,IvZ , z.0)v " ZO)'I'-A O)fl~'AU 
6t6:t..#=m#< o =b:g(r)OO1 L°— oaL2:6G`L%(1 
L
yy~6~isZ{o HoyerG[H1]dtai*7-M1iorll'A7 nEafX L11 -ct' (~J t~. T{t# ~. ~[rf" I llJ V ` T~ lr , Qmax L, g(r)o)1,5-,Y 1 ° — 1 .-
$~G~Z td7'^— f`=i7 L, 4~1 _-VAEto Afiit ZL• 
LAG\t`VLo ai S(Q)®high Q FP O~ Jx"J' 
f(Q) = 1 + cos(aQ +b) •exp(–cQ2)(3-29)
3-8
 L1,`") tAZ7-f T4G 'i.t,.i-3)4-7—a, b, c T"~Zf(Q)6 
c `thigh Q 1111.1 1-#  UJ high Q IjO'I'AtiMIU 4-rll7LI 
• 14 "+`&.J1]0t 0 T E it~.'- 1 —9— a , b, c o)4 611J
Samp I e Temp. (°C) a (A) b c (A2)









































Ji3-1. S(Q)O)high Q tl-E-T)Ir1 1f(Q) =1+cos(aQ+b)•exp(—cQ2)Z 7 -f •y 
--r 7 7' L Z T1 G t. t,-_ ,1 — —.
b) G O)* 
   2h 5-)-NQ FO~INH-S(0)d/. * h J f A, B 3--)0D fI fi'rf 
M+5.4A(Q), SAB(Q), SBB(Q) /A-AiZ '9 
S(Q)-1 = x,,(S,,(Q)-1) 
                                                 (3-30) 
     (i, j = A,B) 
L*-ft O ZS,,(Q)6 i f I, -0)1419  




            b` c,+ b,c, 
        S(Q) L (3-26) 40)1 ti --)-1- 2s:5)'ti ICg(r) t , . )-=='1,LK)' (1 tA
3-9
 g(r)-1 = x,,(g,(r)-1) 
                                                 (3-32) 
(i,l =A,B) 
Te, K. Rb® it TAM,R - tl ~f tt5. 43fm, 3. 71fm, 7. 08fm [S1J —C 
t"'ZS(QK:- aAGS~ C~fS,,(Q)~ ~x,, afTdfiI-Z L. 1))TG) O) -5 1 
t.i;
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 r(A)
t-Teh`cC)'`l 1i*Tea) F (r)APCFr
   













M3-4. 7 1 Te6: #~ 6 f x (k) 0) cummulant fitting. 
bC4 : fitting curve x '6t (k)
: x *1" (k),
3-14
5 ----------------------------------------- 
    -  I-Te  410C 
4- - 
3-  
x 02 - 
1- - 
0,I  
 2 2.5 3 3.5 
          r(A) 
M3-5. EXAFS #J11:  Z b'5t..; 1*Tea)f,ba5)- tzG"(r)
3-15
4 V- fA 
4 — 1 1A  
 04-14:k4*K-Te%ti f;oYER--AQ LZ c7°^ r  F L-C-G' k1*Te 
ODa':---1xG`~G`ZGIC I Z Perron[P2]a Perron[P2]aL6, TsujiG[T4]-\'-'KakinumaG[K11 
G`~ ~Z(J1~1 IZG~ao 'C1~kh ~~7J1~J Utzkl Te0D Vit t, at;opus® 
f Z1*TeOOAI; .t4 Ji O) Q O)4 4I 1700 Q 1cm-1Z, OA_LP+-
L tr:ithgtzo®iPL.;74,:l1fk12KTeo)1 1A41n&11)1N°G~ 
a LIIVIORNZ 6t--zTLo- T-bgP,IS Z. P tc3031GGa4 7at%K i4 o)K NI 
1'it~.G\la1*TeU 'i..oi4tal*TeO jxfLL -e.4s:1t-5 + 
1M10) m.1x TL4:~° 1Oat%1:(~K a ; ~h ~~cZ6 711~J 7~1x  
I JZlog° —1/T curve 4 4a4aLfyxl.4:o , 450°M"tsO'Ta'a 
fA6 5at%KopiCA—'60052-1cm-1` 1Oat%KZ15052 1cm 1, 20at%KZ5052-1cm-1L, Kf 
iJa gtbit Jq  ZQ t Z° fkho)i 4 K-Teaf::rAz%fx'' 
ope,Tit, FortnerG[F2]4_ck < 4-2r: 1:Rb-Tea f;4~ 
--DG -CRb 20at. % ZoDCW) U4:ts4f fxopa1A_TLoAaTLk° --o) 
%n.fA'i't, LZI . 9M6Z 
aigtbi1A7 U—C6tt4 , K-Tef;, Rh-Teflul lxo~ )x T °
4 — 2 EXAFS  
®4-3, ®4-44:4 K-TenA f;, a4*Rb-Teit Q F;ZTe KITALRMT:ts 4j-ZEXAFS#- 
Nix (k) W4 ° (tk1*T/lrltop%1?I1t(t3GeVi ' r (7 'l,tzt,zbS4~, 17)L/t) —TIL' 
                                                      0S/Nth.--4 \-C%-.WC( NZ [K31. Agorpfa1*Z6 ZL-t)c; ,
k 12A-11 Zniii tdEXAFS#&W` YJ1gJ ,Z z° 7Itt1 ') t,S)7[1(_, tz -If; x (k) 
   1l4t, 7 1AKTe0Dx(k) <IU-C Z Lt~c4i, 
4*Te L Te-Te A- /itf4 
Te-Te f' tF(r)APCFr O) 1 °-7 7—') t-7 ')HY-L, 4'i)<.-"Co) 
cumulantti * , P 1 — • 7 -r r h4x1:--iJ\= ,& — F 
( ) 4,:ck:0TT-)t° 7 f 'i7 ( 2~tZkMJk=5-12A-1-C6Ta° 7 ( s/T f :i 
7 • —94 (3-22)4G) c„ c4 Z` 7a° C-14-5G ra4*Rb2oTe8o4:4f1-Z 7 r r 
4-I
 T- i7‘0At,T l.,-c '?ao % YDLEXAFS[ J (( 4) c 7 -f •i 
T~ >Y1 IM k (40v) O)-k( tai, ° T G ttzi -~0j~ 4 14~ 0
Samp I e Temp. (°C) N R(A) 62 (A-2) C3 (A3) C4 (A-3)
I-Te 410 1. 88 2.845 0. 135 0. 91x10-3 0. 17x10-3
I-K5Te95 450 
I-K8Te92 440 
I -K1oTe90 440 



















































4-1. A4K-Te Rb-Ten AF;O)Te 
fitting.
KIVARMEXAFS4~ cumulant
4-64: F '(*TeoOE2i (11.9±0. 7))lit 
   JbhnZ t6:Te-TenEVL(30at. %7)I/77')a11.jZ 
4t 1. 3 ± 0. 1 td Z o Tel.$ L 1fxt Z . Te-Tek'(L C75N " J 
€ -ab =R 3 1 Q o)ki ld:,:.00" 7 R0)T6.13ctZLZt7a° -7)I//') 20at. % OD 
*llJ 1 5 1 0 V.+, 30at. % 0Alla-cct 3 ;,+L, Z Z. 
splice; m(•Z(3-1 V1 ) W LtTe-TeM 05)-ft,l1M(Gx(r) ~~, K 
Te~I Q f:4:~G~Z®4 7, af*Rb-Tea* f:G:.-D(~ZL74 
)1,O)G"(r) i K(2.8A)LR )t'i F(3.0A)0) tl= WIAL-C, F tlfit~ 
            7'.lit9 I-1t1[1 tt.. c. L°-7 -- 
             ALANIr0)fi n L C 71 4Rb2oTe8o c: zRbousoa 
 4~. EXAFS l'x(k)75 C14-94:.7 Z Z. l ®4t, l,RZ'~l t L' 
ut o ~0)tO)gcF10)'L[.W15.34keV4` %ll1l 1'lra/J\ t 7'y7°4Xfx0) 
e aktruu, KMZ d, 4: `' (1s,3d)~i)7
4-2
 L-C  'Tao  'l.Gtx  (k)O)6A-1iL  ::#14-  °Zo  Gb\tdx  (k)7 FI1 T4Z 
r 7°0Ai :EXAFS#KI}j-1{'9 TeO)Ka 
11,Q1tr:tsIt1ax ` RbO)K f6O)x (k)Gt R7)44L < , 7A 1 f1 Z 
Z4~EXAFS#}jt~~~ t~ ‘o
m~{{~  Qfq4-10GtAPCFT®F (r)~cFTTLZ~'Z o~1I(a)Gt4,L,O~RbLg-0~M-17~C 
G~TeI,$ ~~~Z([ LZI.'Za  fRt -C. Te0r1 q#aLl 'IPML 7 1- -CAPCFT 
f7~tc.*AXZ ~o T®(b)tRbI$-~( G:RbL$Tbq1.E.Z tLZ, 
Rb0Yf tcgL4IUI 1 R>7 FCAPCFT'r7 tzfA Z6Zo Rbl.$ 4~1 
Ll rpFYi {41f/7Ht, tz FEFFJ—F[R11J: ZI-V-
L tzo F(r)aPCFr Im{F(r)APCFT ] O) °—`7Of-Mt ((a) ®) G.1 
Z fs', RboDJa101;qbiTe—C6 Z cumulant>~11»Lts:'\''7) 
     • 7 -f r F O)*A !\ Rb-TerEflODR-k iA53. 6A -C6 0 , Tel$+biRbg-T-O) 
M1 0  4z4riai 1Xfi--t Z ~~5}7 - k
4-3 ''I +1P1#fr  
4-11rigacK-Tef0) INI -S(Q) T „ i1111t%IDgOt14Te/i500°C, F '% 
K5Te95 i 480 °C , aluicae9obi44rc, 7 K20Te8o 440 °C 280°C t za o a Te 0) 
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§1. Introduction 
  In spite of considerable experimental and theoretical efforts, the 
atomic and electronic structures of liquid  Te are still subject to 
discussion. Crystalline Te is beneath Se in the periodic table and has 
helical chain structure similar to Se. Of particular interest liquid Tc 
exhibits a metallic behaviour, while liquid Se is a semiconductor with 
a small conductivity. 
  On the basis of neutron diffraction data by Tourand and Breuil, 1) 
Cabane and Friedel 2) proposed a model that liquid Te has an As-like 
threefold coordinated network structure, and that one of the four 5p-
electrons occupies antibonding 6 * states which form a conduction 
band. Cutler et al., 3) however, noted that the threefold network model 
results in electronic structure in which the Fermi level is located in the 
conduction band, and it is inconsistent with the observation of the p-
type thermopower of liquid Te which implies the conduction by hole 
transport. They suggested that the metallic properties of liquid Te are 
due to the introduction of a large density of hole states in the valence 
band as the normal two-fold covalently bondings are broken. 4,5) 
Enderby and Barnes 6) pointed out that there is substantial penetration 
of non-bonded Te atoms into the first coordination shell, which 
causes over-estimation of the coordination number. Hoyer et al. 7) 
reported that static structure factor S(Q) for liquid Te has large 
oscillation even at 15A-1 and absence of data in high Q region causes 
serious influence on the shape of g(r) and hence on the estimation of 
coordination number. They found that the coordination number is 
estimated to be two if the Fourier transform is done over the Q-rangc 
beyond 20A-1. Recent EXAFS and neutron diffraction measurements 
for liquid Te 8) reveal that there exists the chain structure composed of 
                   2
short and long bonds. It was suggested that the long bond is associated 
with the charge transfer between neighbouring chains which plays an 
important role in the metallic conduction of liquid Te. 
  The mixtures of Te with alkali elements are of interest since the 
large electronegativity difference suggests the substantial transfer of 
electron from the alkali atom to the Te. It is helpful for understanding 
of the peculiar behaviour of liquid Te to study how the chain 
conformation and bonding nature change upon the addition of alkali 
elements.  Saboungi's group have investigated the K-Te system 
extensively. They measured the thermodynamic properties, 9) neutron 
diffraction, 10) transport properties 11) and Raman scattering 12) of the 
K-Te mixtures with various compositions. They demonstrated the 
persistence of covalently bonded Te in liquid K12Te88 and KsoTeso 
mixtures from the neutron diffraction data and discussed that the role 
of K is that of complete charge transfer, stabilizing the short chains as 
Ten2- ions (for K12Te88 n-5-10 and for KsoTeso a "dumbbell 
shaped" Te22- polyanion terminated by K+ ion). Assuming that liquid 
Te contains a high density of single-bonded (1F or D-) and 
threefold-bonded (3F or D+) defects, they explained that the observed 
remarkable decrease in 6 is due to the reduction of the number of the 
3F defects with increasing K+ ions. 
  In the present paper, we report the results for the electronic and 
atomic properties of liquid K- and Rb-Te mixtures such as the 
electric conductivity 0 , density, EXAFS and neutron scattering, and 
discuss how the chain structure of liquid Te changes upon the addition 
of alkalis, which is accompanied by the transition from the metallic to 
semiconducting state.
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§2. Experimental Procedure 
2.1  Sample preparation 
  Alkali metals often react to Te violently even at temperatures close 
to the low melting points of alkali metals. Consequently, the synthesis 
of Rb—Te mixtures was carried out by exposing the granular 
Te(99.999%) to Rb vapour at 180°C in the sealed Pyrex glass tube. 
K—Te mixtures were prepared by adding sequentially very small 
amounts of granular Te to distilled K melt. The reacted mixtures were 
kept at 470°C for 3 hours to make it homogeneous. The samples were 
handled and loaded into the cell under the atmosphere of dried He or 
Ar gas.
2.2 Electrical conductivity 
  Electrical conductivity a was measured by using the four—probe 
method. The cell was made of Pyrex glass with four tungsten probes 
as shown in Fig. 1. The cell constant for conductivity was measured 
with liquid Hg. A series of conductivity measurements were done 
with changing the sample composition in situ. Weighted amounts of 
Te shots stored in a reservoir were dropped into the sample cell which 
contains the high alkali mixture prepared in advance. The error in the 
alkali concentration was less than 1 at. %. The measurements were 
carried out both on heating and cooling runs and the reproducibility 
was quite good.
2.3 EXAFS 
   EXAFS measurements were performed by using a spectrometer 
installed at the BL-10B station of Photon Factory (PF) in the National 
Laboratory for High Energy Physics (KEK), Tsukuba, Japan. 13) 
                   4
 Electron/positron acceleration energy and stored ring current were 
usually 2.5GeV and around 320mA. X—ray absorption spectra were 
measured in a transmission mode using a silicon (311) channel—cut 
monochrometer. The intensity of the incident beam and the 
transmitted beam were monitored by ionization chambers filled with 
Ar and Kr gas for Te K—absorption edge (31.813keV). At the Rb K— 
edge (15.201keV), Ar25(N2)75 and Ar gas were used. The size of a 
irradiated part of sample was typically lmmx2mm. Some spectra on 
Te K—edge were taken during 3 GeV operation. 14) 
  Figure 2 shows a Pyrex glass cell for EXAFS measurement. The 
liquid sample was inserted into the gap between two glass tubes with 
one end closed. The end wall of the glass tubes was polished down to 
0.3mm thickness to raise the efficiency of X—ray transmission. The 
gap was typically 80µm for Te K—edge and 200 pin for Rb K—edge 
for liquid Rb2oTeso. The insertion of sample into the gap was 
achieved by pushing the molten mixture with high—purity He gas 
which was initially sealed in the upper part of the cell and then flew to 
the lower part through a breakable seal. 
  To extract the EXAFS oscillation x(k) from the observed 
absorption spectra µ t , the background absorption was subtracted 
using the Victrcen fit in the pre—edge region. The absorption of an 
isolated atom, µo t , was estimated by using the cubic spline technique. 
The subtracted spectrum was then normalized by [to t to obtain x(k). 
2.4 Neutron diffraction 
   Neutron diffraction measurements were carried out by using the 
HIT—II spectrometer installed at the pulsed neutron source (KENS) in 
KEK. 15) Sample was put into a thin—walled (0.3mm) cylindrical cell 
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made of fused silica with an inner diameter of 8mm. Incident neutron 
beam was collimated by cadmium blocks so that the vertical length of 
the irradiated part was 40mm. The sample was heated by a pair of 
infrared image heaters.  Time—of—flight (TOF) spectra were taken for 
liquid Te and liquid K—Te and Rb—Te mixtures. The static structure 
factor S(Q) in the range of momentum transfer Q up to 30A-1 was 
deduced by the standard procedure 16) which includes the absorption 
correction, subtraction of scattering from the cell, normalization by 
using spectra for vanadium and reduction of multiple scattering 
contribution. The absorption coefficients were calculated by the 
method proposed by Paalman and Pings. 17) The cross section of 
multiple scattering was taken from the table calculated by Blech and 
Averbach. 18) 
2.5 Quasielastic neutron scattering 
Quasielastic neutron scattering measurements were done using the 
inverted geometry TOF spectrometer LAM-40 installed at the cold 
neutron source of KENS. 19) This spectrometer consists of seven sets 
of assemblies of pyrolytic graphite analyzer mirrors and detectors. 
The energy resolution was 0.2meV at the elastic position. 
  The sample was sealed in a cylindrical quartz cell with an inner 
diameter of 8mm, wall thickness of 0.3mm and axial length of 60mm. 
The quartz cell was confined in an aluminium cylindrical container to 
minimize the temperature distribution within the sample. In fact, it 
was less than 5°C. The temperature was raised by two electrical 
resistance heater wound on stainless blocks situated at the top and 
bottom of the aluminum container. Further details of the experimental 
apparatus were described elsewhere. 8) 
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  TOF  spectra for liquid K2oTego were taken at every 0.2A-1 in the 
Q range between 0.40 and 2.6A-1. To deduce S(Q,E) from the 
obtained TOF spectra, the corrections were made by taking into 
account the scatterings from background and cell, absorption by the 
sample and cell, energy distribution of incident neutron beam, counter 
efficiency, multiple scattering and instrumental resolution function 
estimated from the observed spectrum for vanadium. 
2.6 Density 
  Density of liquid Rb-Te mixtures was obtained from transmission 
measurements of 122 keV gamma ray emitted from 57Co at 
Radioisotope Research Institute in Kyoto University. The 
transmission spectra were taken by multi-channel analyzer and high 
purity Ge detector with energy resolution AE I E better than 0.015. 
The gamma ray was collimated by Pb blocks with a slit of 4mm 
diameter. The sample is contained between two parallel glass plates 
which y-ray beams pass across. The sample thickness between the 
plates was practically determined from the density measurement of 
CH2I2 which has well known density (3.3212g/cc) and whose 
absorption coefficient is comparable to that of Rb-Te mixtures. 
Typical sample thickness used in the present experiment was about 
2mm for liquid Te and 3mm for liquid Rb2oTe80. The integrated 
counts were more than 105 and the experimental error in density was 
less than 0.3%. Mass absorption coefficients of Te, Rb, C, H and I 
were taken from literature. 20)
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§3. Results and Analysis 
3.1 Electrical conductivity 
  Figure 3 shows the electrical conductivity  o of the liquid K—Te 
mixtures with different compositions as a function of reciprocal 
temperature. At melting point,  a of liquid Tc is 1700 Q -' cm ' , and 
it decreases on cooling in the supercooled state. The pr sent data for 
liquid Te are in good agreement with the previous studies. 21-25) 
  Upon the addition of K, 6 rapidly decreases. a drops one order 
of magnitude when 10 at. % K is added to liquid Te and becomes 
around 2 Q cm-1 at 40 at. % alkali. For liquid K—Te mixtures 
containing K more than 10 at. %, the logo —11T curve shows an 
interesting behavior that the log 6 depends linearly on 1/T, which is 
different from pure liquid Te. Our conductivity data for these 
mixtures are in fairly good agreement with those of J. Fortner et al. 
11) Figure 4 shows 6 of liquid Rb—Te mixtures. The log 6 —1/T 
curves for liquid Rb—Te mixtures shows similar linear dependence to 
that for liquid K—Te mixtures. 
  Figure 5 shows apparent activation energy of the conductivity, 
d log cs  d
efined by d 
(1 / kT)at 400 °C, for liquid Te mixtures containing 
                   e Na, K, Rb and Cs together with data for K—Te and Na—Te mixtures 
by the other authors.11,25) Note that the apparent activation energy is 
not completely correspond to the cnergy gap in intrinsic 
semiconductors, because structural change is expected to occur with 
temperature. It is quite interesting that the concentration dependence 
of the apparcnt activation energy is nearly independent of alkali 
species. The apparent activation energy is nearly constant in the alkali 
concentration rangc from 10 to 40 at. % (region (I)), and exhibits a
8
drop down to a smaller value above 40 at. % alkalis. J. 
 reported that the ionic transport is observed above 40 
(region (II)).
Fortner et al. 
at. % alkali
3.2 EXAFS 
Figures 6 and 7 show EXAFS oscillations x(k) at the Te K-
absorption edge for liquid K-Te mixtures and liquid Rb-Te mixtures, 
where k means the wave number of photoelectron. The EXAFS 
spectrum of liquid Te was taken during the 3 GeV operation of the PF 
storage ring and those of the mixtures were done during the 2.5 GeV 
operation. The signal-to-noise ratio of the former is superior to the 
latter, because the photon flux from 3GeV electron/positron is nearly 
twenty times higher than that of 2.5GeV. 14) 
  In general, EXAFS oscillation of liquid in high k region is 
strongly damped at high temperature owing to disordered atomic 
arrangement and hence the contribution of neighbouring atoms 
weakly bonded to a central atom often fails to be distinguished. 
However, we can get sufficient information on the strongly bonded 
atoms. As seen in Fig. 6, EXAFS oscillations for liquid Te remain up 
to 12A-1, which demonstrates that liquid Te has covalently bonded 
chain structure. Note that the momentum transfer hq in the diffraction 
experiment is twice the photoelectron momentum hk used in EXAFS, 
that is q = 2k . Overall structure of x(k) is not changed so much by 
adding K or Rb. 
  In order to dcduce structural parameters from the EXAFS 
oscillations, curve fitting analysis was attempted. Within a single 
scattering approximation, 26) EXAFS around the K-absorption edge 
of m type element, xm(k), is written as follows, 
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 X  m (k) E B(k) J~Gmn(r) exp— 2r sin(2kr +~mn(k)) dr, (la) 
   k n(k)r2 
G,,,,, (r) = 4rtr zg mn(r),(lb) 
where g  (r) is the partial pair distribution function of n type 
element around a central m type element, and Br (k) , m„(k) and 
x n(k) are the backward scattering amplitude, the phase shift and the 
mean frec path of the photoelectron, respectively. 
  In principle, EXAFS at the Te K—edge for the mixtures should 
contain both Te—Te correlation term and Te—alkali correlation term. 
However, the Te—Te correlation is considered to be much stronger 
than that of the Te—alkali. This is not only because the alkali 
concentration is small but also because the bonding between Te and 
alkali atom is expected to be weaker than the Te—Te covalent bond. 
Therefore it is reasonable to assume that the Te—Te correlation mainly 
contributes to x(k) at the Te K—edge. On this assumption, we adopted 
the x(k) data in relatively high k region (5 s k s 12A-1) in our analysis. 
Before making quantitative analysis we estimated the Te—Te pair
g distribution func p TeTe (r) by the APCFT (amplitude— and 
phase— corrected Fourier transform) method. 27) The APCFT is 
defined as 
   FTe(r)"CFr =fkmW(k) DTe (k) exp[i(2kr +~TeTe(k))]dk, (2)                                   UTe 
where W(k) is the Hanning window function to reduce the truncation 
effects of the Fourier transform, and BTe (k) and ~TeTe(k) were 
determined from the experimental data of trigonal Tc. We confirmed 
that the first peak of g TeTe (r) for pure liquid Te has appreciable 
asymmetry and found a tendency that it becomes symmetric with 
increasing alkali concentration. 
 Taking into acount such asymmetry effects we adopted the 
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cummulant expansion  mcthod. 28-31) A reduced EXAFS function was 
obtained from the experimental kx(k) by removing the phase shift 
l(k), the amplitude B(k) and the mean free path dependence in a 
standard way.31' 32) Then it was fitted to a theoretical curve T(k) 
containing cummulant coefficients up to the 4-th order, defined as 
     1   T(k)=expCo-2k2C2+3C4k4J•sin 2kC,-3C k3)(3) 
                                   1 Here C„ is the cummulant coefficient of n-th order and the 
coordination number N, the mean bond length R, and the mean square 
displacement 8 2 are represented by exp(Co), C1 and C2, respectively. 
The threshold energy of x-ray absorption was adjusted so that Te-Te 
bond length coincides with that obtained from neutron diffraction 
measurements. As seen in Fig. 8, the fitting curve (dotted line) is in 
quite good agreement with the experimental curve (full line) for liquid 
Rb2oTe80. The resultant N, R, 8 2 , C3 and C4, are tabulated in Table I. 
The Te-Te coordination number for liquid K-Te and Rb-Te mixtures 
is plotted as a function of the alkali concentration in Fig. 9. For liquid 
Te, the coordination number is 1.9±0.2 and it decreases upon the 
addition of alkali clement, reaching 1.3±0.1 for the mixture containing 
30 at. % alkali. Assuming that Te atoms form chains, the average 
number of Te atoms in a chain can be estimated, and is indicated on 
the right ordinate of Fig. 9. It is 5-10 atoms at 20 at. % alkali and is 
about 3 atoms at 30 at. % alkali. 
  Partial radial distribution functions were deduced by the splice 
method. 31,32) In this method, the cummulants obtained in the 
previous curve fitting were used to construct kx(k) for 0 k sic and 
it was then joined to the experimental kx(k) at the splice point k = 5A 
-1
. The resultant kx(k) was Fourier-transformed in the k region up to
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 12A-1. Figures 10 and 11 show Te-Tc partial radial distribution 
functions are-re (r) for liquid K-Te mixtures and liquid Rb-Te 
mixtures. As expected from the preliminary APCFT analysis, the 
radial distribution function of liquid Te has asymmetry, which may be 
due to the coexistence of short (-2.8A) and long (-3.0A) covalent 
bonds. When alkali element is added to the liquid Te, the peak 
slightly shifts to small r and its width becomes narrower. 
  EXAFS oscillation at the Rb K-edge is shown for liquid Rb2oTe8o 
in Fig. 12. The oscillation is damped rapidly and is not detectable 
above 7A-1. X-ray absorption curve near the Rb K-edge is shown for 
liquid Rb2oTe80 in the inset of Fig. 12. There appears an inflection in 
the base line of the X-ray absorption curve at 15.34 meV, which may 
be due to the multi-electron excitation (1s,3d). Therefore the EXAFS 
oscillation was obtained by normalizing the absorption curve partially 
both sides of this inflection and joining the two EXAFS oscillations at 
6A-1. 
  In Fig. 13 the absolute value of APCFT FRb (r) APCFT at the Rb K-
edge is shown by full line and the imaginary part Im[FRb (r)"PCFT ] is 
shown by broken line. The curves in fig. (a) were given on the 
assumption that the nearest neighbours of Rb atom were only Te 
atoms and the curves in fig. (b) given on the assumption that it were 
only Rb atoms. In the calculation of the APCFT, the B Rb(k) and 
Rb, m(k) (m=Rb, Te) were calculated by FEFF code 33) because an 
appropriate standard sample was not available. It is noted that the 
peak of FRb (r) APCFT nearly coincides with that of Im[FRb (r)"PCFT 
when Rb-Te correlation is assumed. This implies that the 
neighbouring atoms around the central Rb atom is Te. From the 
cummulant expansion analysis, we found that the central Rh atom is 
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surrounded by about 4 Te atoms located at a distance around 3.6A. 
3.3 Neutron diffraction 
 Figure 14 shows structure factors, S(Q), for liquid K-Te mixtures. 
The data were obtained at 500°C for liquid Te, 480°C for liquid 
K5Te95, 440°C for liquid K10Te90, and 440 and 280°C for liquid 
K20Te80. The first and second peaks of S(Q) for liquid Te lies around 
2 A-1 and 3.2 A-1. These positions are nearly unchanged upon the 
addition of K. It is interesting to note that the relative intensity of the 
first to the second peaks decreases upon the addition of K. Since the 
first peak of S(Q) for the pure liquid Te mainly arises from the 
interchain correlation as we discussed in the previous paper, the above 
finding suggests that the Te interchain correlation may become weak 
upon the addition of K. There appears a shoulder on low Q side of the 
first peak for the liquid K2OTe80. J. Fortner et al. 10) observed the first 
sharp diffraction peak at Q=1.2A-1 for liquid K12Te88 and K5oTeso 
and they mentioned it as "a well-known signature of intermediate 
range order." 
  Figure 15 shows S(Q) for liquid Rb-Te mixtures. For liquid 
Rb20Te8o, S(Q) was measured at 440°C, 360°C and 280°C. The 
overall features of the S(Q) pattern for liquid Rb-Te mixtures are 
quite similar to those of liquid K-Te mixtures, except for the shoulder 
at low Q. The intensity of the first peak increases with decreasing 
temperature. The similar temperature dependence was observed in 
liquid K2oTe80 as shown in Fig. 14. 
 The pair distribution functions, g(r), of liquid K-Tc mixtures 
derived from the Fourier transform of S(Q) arc shown in Fig. 16. The 
first peak of g(r) for the liquid Te is located around 2.8A which is 
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close to the bond length of the crystalline Te, and the second and third 
peaks appear around 4.3A and 6.1A, respectively. It is difficult to 
separate a well-defined first coordination shell because of the large 
overlap with broad and asymmetric second peak. This is contrast to 
liquid Se. When K is added to the liquid Te,  the separation of the first 
peak becomes clear from the rest of neighbours. The position of the 
first peak of g(r) for the liquid K-Te mixtures are nearly independent 
of K concentration. 
  The contribution of alkali elements to g(r) appears more clearly in 
liquid Rb-Te mixtures than in liquid K-Te mixtures, since the 
neutron scattering length of Rb nucleus is about twice as large as that 
of K nucleus. 34) In Fig. 17, a prominent peak is observed at the 
distance of 3.8A. This peak may be attributed to the Rb-Te 
correlation, which is also supported from the EXAFS analysis. 
3.4 Quasielastic neutron scattering 
   The dynamical structure factors S(Q,E) at various momentum 
transfers Q were obtained for liquid K-Te mixtures from the 
quasielastic neutron scattering measurements. Figurc 18 shows S(Q,E) 
of liquid K2oTego at 440°C. The quasi-elastic peak becomes broad 
monotonously with increasing Q value. The elastic peak in S(Q,E) has 
the maximum at 1.90A 1, which does not coincide with the peak of 
S(Q) (ie Q=2.05A-1). However this does not mean any inconsistency 
because the integration of S(Q,E) in the energy transfer range from -3 
to 3meV gives almost the same Q dependence as S(Q). 
  Intermediate scattering functions F(Q,t), are derived from the 
Fourier transform of S(Q,E). The logarithm of F(Q,t) for liquid 
K2oTego at 1.90A-1 is compared with that for liquid Te 8.35) at 2.00A-
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 1 in the inset of Fi
g. 19. For liquid Te, F(Q,t) shows an exponential 
decay and its relaxation time  t is estimated to be 8.0 psec. On the 
other hand, the  F(Q,t) curve for liquid K2oTe8o exhibits an inflection 
around 5 psec, suggesting two relaxation processes with short and 
 long relaxation times, i F and Ts . Assuming two exponential decays, 
  F and Ts are estimated to be 8.2 psec and 26.7 psec, respectively. 
In Fig.19 l/t is shown as a function of Q2. The Q dependence of 
t F is quite similar to that of of t of liquid Te. For both liquids, the 
fast relaxation process is comparably slow around 2A-1 where the first 
peak of S(Q) lies, suggesting that this process is strongly related to the 
local structure. On the other hand, l/t s for liquid K2oTe8o varies 
linearly with q2, suggesting that the slow relaxation process is 
diffusive motion.~ 
3.5 Density 
   Figure 20 shows density of liquid Rb—Te mixtures. The density of 
liquid Tc has a maximum point around the melting point, and is 
reduced on cooling down to a supercooled liquid state. This 
anomalous temperature dependence is in good agreement with the 
earlier works.36,37) The absolute value of density decreases upon the 
addition of Rb. When more than 10 at. % Rb is added to the liquid Te, 
the density decreases linearly with increasing temperature.
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§4. discussion 
  It is instractive for  understanding of properties of liquid Te to see 
the atomic and electronic structure of metallic crystalline Te under 
high pressure 38'39). The metallic phase of Te which appears at about 
4GPa is monoclinic with four atoms per unit cell and consists of 
puckered layer. The puckered layer contains dimerized planar zigzag 
chains. The short and long bond lengths in the zigzag chain are 2.8 
and 3.1A. The pressure induced metallic crystalline Te4oSe60 also has 
similar structure. 39) Of particular interest, this high pressure phase 
can be quenched to atmospheric pressure. The detailed analysis of the 
structure and the arrangements of p—orbitals reveals that the Te4oSe6o 
has a puckered layer structure though it is formed by the chain 
molecule with the bond sequence of short—short—long as shown in Fig. 
21. Along the planar zigzag chain, there exists 2—electron a bonds 
denoted by bold line and 3—electron a bonds denoted by dashed line 
corresponding to the short and long bonds. The charge transfer 
between the neighbouring chains creates the long bond, and the 
overlapped p—orbitals between neighbouring chains indicated by 
hatched ovals give rise to partially filled broad band, leading to 
metallic conduction along the interchain direction (the b—axis). 
  The local structure of liquid Te may have more or less the same 
topology with the pressure induced metallic phase of the crystalline 
Te. Indeed, our EXAFS and neutron scattering measurements reveal 
that the chain structure of liquid Te is composed of the short bonds 
and long bonds. With decreasing temperature to supercooled state, the 
number of long bonds decreases and the liquid is transformed from 
metal to semiconductor. 
When alkali elements such as K and Rb arc added to liquid Tc, the 
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position of the first peak of  Gx(r) is kept around 2.8A as shown in 
Figs. 10 and 11, which suggests that the covalent bonds persist in 
liquid alkali—Te mixtures. The Te—Te radial distributions deduced 
from EXAFS measurements were fitted by a sum of two Gaussian 
functions assuming that the short and long covalent bonds exist, as 
shown by dotted curves in Figs. 10 and 11. In Fig. 22, the fractions of 
the short and long bonds are plotted as a function of alkali 
concentration. With increasing alkali concentration, the fraction of the 
long bond decreases. 
 A clear separation of the first peak in g(r) from the rest of the 
neighbours can be observed. It may be related to the large difference 
between Te—Te covalent (2.8A) and alkali—Te ionic (3.6A for K—Te 
and 3.8A for Rb—Te) bond lengths and to the weakening of the 
interchain correlation. It is useful to estimate Te—Te partial structure 
from the neutron g(r) data. If one assumes that the local structure of 
K—Te mixture is the same as that of Rb—Te mixture, the K—Te and 
Rb—Te partial pair distribution functions, gK-Te(r) and gRb-Te(r), have 
the following relation, 
gK—Te (r) = gRb—Te (r + A) , (4) 
where A is the difference of ionic radius between K+ and Rb+. In the 
total pair distribution function of the mixtures, alkali—alkali 
correlation may be negligibly small. Then, total pair distribution 
functions of the K and Rb mixtures, gK (r) and gRb (r), may be 
expressed as
p gK(r) = AK•gTe—Te(r)+BK •gK—Te(r)(5) 
gRb (r) ARb • gTe—Te (r) -F BRb • gRb—Te  ) 
where A and B are coefficients calculated from the neutron scattering 
cross sections and the alkali concentration. A simple way to get the 
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partial pair distribution functions from equation (5) may be to use the 
following approximation; 
            gK-Te(r) —gRb -Te (r)+a gaYe(,) A  (6) 
Equations (5) and (6) can be solved recursively. Figure 23 shows the 
partial pair distribution functions gTe-Te(r) and gRb_Te(r) for liquid 
Rb2oTe80 mixture. The first peak of gTe_Te(r) lies at 2.8A and has a 
symmetric shape. The second peak is located at 4.1A. It should be 
noticed that these two peaks correspond closely to the intra—molccular 
distances of supercooled liquid Te at 280°C, 40, 41) where it shows 
semiconducting behavior. In the Rb—Te pair distribution function 
gRb-re(r), the first peak is located at 3.8A and the shape is remarkably 
asymmetric. This shape is likely due to the heterocoordination of Rb+ 
ion to Te chains, which is consistent with EXAFS results. 
  The role of the alkali appears to be that of nearly completely 
charge transfer, stabilizing the short Te chains. The addition of alkalis 
may create enough space to arrange themselves by weakening 
interchain coupling in liquid Te. It is accompanied by a rapid decrease 
of the density as seen in Fig. 20. The vibrational density of statcs for 
liquid K—Te mixtures deduced from inelastic neutron scattering 42) as 
well as Raman scattering data 12) shows that the Tc—Te stretching 
mode shifts to higher energy transfer on the addition of K, which 
suggests that intrachain interaction strengthens. 
  It is estimated from EXAFS analysis that the chain molecules are 
formed by about 3 atoms in the liquid Tc containing 30 at. % alkali, 
which is close to the stoichiometric concentration corresponding to 
K2Te3 and Rb2Te3. It is known that K2Tc3 and Rb2Te3 contain Te32-
polyanions. 43)
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  Fig. 24 shows the results of  a at 450°C for liquid alkali-Te 
mixtures as a function of alkali concentration. The conductivity o 
decreases substantially with increasing alkali concentration and 
becomes around 100 52-1cm-1 at 20 at. % alkali and around 2 Cr 
lcm-1 at 40 at. % alkali. Of significance here, a shows on the same 
compositional dependence irrespective of the alkali species. Fortner et 
al. proposed,10,12) following to the structural model for liquid Tc by 
Cutler, 3) that the addition of K to liquid Te reduced greatly 3F(or D+) 
defects which causes the transformation to semiconducting state. It 
may be considered that the conduction in liquid alkali-Te mixtures is 
mainly associated with the correlation among the neighbouring Te 
chains. By adding alkali to the liquid Te, the unoccupied broad LP 
band of liquid Te along the interchain direction becomes narrower 
since the interchain coupling weakens, and is gradually filled up with 
the electrons transferred from alkali ion with increasing alkali 
concentration. Then, there appears the gap between LP and 6 " bands 
as shown in Fig. 25. This may be a scenario for the transition from 
the metallic to the semiconducting state upon the addition of alkalis to 
liquid Te. 
  It is interesting to note that the extremely slow relaxation was 
observed for liquid K20Te80. A possible explanation of F(Q,t) is as 
follows. K+ ion acts as binders of several short Te chains by 
transferring the charge to the Te chain ends. The slow relaxation may 
be attributed to the diffusive motion of Te polyanions coupled to K+ 
ion and the fast relaxation process could be associated with the break 
and link of long bonds in Te chain.
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§5. Summary 
  Liquid Te is  transformed from metallic to semiconducting state 
upon the addition of alkalis. Of particular interest the concentration 
variation of a and the apparent activation energy of a is nearly 
independent of alkali species in the concentration range of 10-40 
at. % alkali. When these conductivity results are combined with 
EXAFS and neutron scattering results, it is confirmed that the 
semiconducting behaviour observed for liquid alkali—Te mixtures is 
associated with reduction of couplings among the neighbouring Tc 
short chains. The chain structure with short and long covalent bonds 
seen in pure liquid Te is persisted in the alkali—Te mixtures. With 
increasing alkali concentration, the number of long covalent bonds 
rapidly decreases. The average number of Te atoms in a chain is 5-10 
atoms at 20 at. % alkali and is about 3 atoms at 30 at. % alkali. The 
first coordination shell in g(r) for the mixture containing alkali 20 
at. % is well separated from the second neighbouring shell, which is 
in contrast with pure liquid Te. An asymmetric second peak is 
observed for g(r) of liquid alkali—Te mixture which corresponds to the 
alkali—Te shell. The alkali atoms may stabilize Te short chains by 
charge transfer and create enough space to arrange themselves by 
weakening intcrchain coupling in liquid Te. In addition to the fast 
relaxation observed for pure liquid Te, a slow relaxation process was 
observed. It may be attributed to the diffusive motion of Te 
polyanions coupled to K+ ion.
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Figure Captions 
Fig. 1 Pyrex glass cell used to measure the  electrical conductivity. (a) 
tungsten electrodes (b) Te shots (c) magnet (d) iron rod scaled in a 
glass capsule (e) valve for evacuation (f) valve for filling with dried 
He gas. To change sample composition in situ, Te shots were 
dropped into the sample cell by manipulating two iron rods using the 
magnets. 
Fig. 2 Pyrex glass cell for EXAFS measurements. 
Fig. 3 Electrical conductivity of liquid K—Te mixtures as a function of 
reciprocal temperature. 
Fig. 4 Electrical conductivity of liquid Rb—Te mixtures as a function 
of reciprocal temperature. 
Fig. 5 Apparent activation energy of electrical conductivity defined by 
d log a  
d(1/1c,  T)at 400°C for liquid Na—Te mixtures (A), K—Te 
mixtures (•), Rb—Te mixtures (^) and Cs—Te mixtures (x) together 
with data for liquid Na—Tc 25) (L) and K—Te 11) (0) by other authers. 
Fig. 6 EXAFS oscillations at the Te K—edge for liquid Te at 410°C (a), 
liquid K1oTe90 at 440°C (b) and liquid K20Te80 at 440°C (c). 
Fig. 7 EXAFS oscillations at the Te K—edge for liquid Te at 410°C (a), 
liquid RbloTe90 at 440°C (b) and liquid Rb2oTe8o at 260°C (c). 
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Fig. 8 Reduced EXAFS function  kx(k) (full line) of liquid Rb2oTe80 at 
260°C and the fitting curve T(k) (dotted line). 
Fig. 9 Tc—Te coordination number as a fuction of alkali concentration 
for liquid K—Te (x) and Rb—Te mixtures (0). The average number of 
Te atoms in a chain is indicated on the right ordinate. 
Fig. 10 Tc—Te partial radial distribution functions GTeTe (r) deduced 
from EXAFS analysis for liquid K—Tc mixtures containing K 
concentration of 5, 10 and 20 at. %. The dotted curves show two 
Gaussian functions fitted to GT Te (r) 
Fig. 11 Te—Te partial radial distribution functions GTeTe (r) deduced 
from EXAFS analysis for liquid Rb—Te mixtures containing K 
concentration of 5, 10 and 20 at. % . The dotted curves show two 
Gaussian functions fitted to GTeTe (r) 
Fig. 12 EXAFS oscillation at the Rb K—edge of liquid Rb2oTe80 at 
260°C. The inset shows its absorption spectrum lit on which the 
inflection due to multi—electron excitation (is, 3d) is observed as 
shown by the arrow. 
Fig. 13 APCFT (amplitude— and phase—corrected Fourier transform) 
functions of the EXAFS oscillation at the Rb K—edge of liquid 
Rb2oTe8o at 260°C. (a) Assuming Te atoms as a nearest neighbour of 
Rb atom. (b) Assuming Rb atoms. 
Fig. 14 Structure factor S(Q) for liquid Te at 500°C, liquid K5Te95 at 
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480°C, liquid  KIoTe90 at 440°C and liquid K2OTe89 at 440 and 280°C. 
Fig. 15 Structure factors S(Q) for liquid Te at 500°C, liquid Rb10Te90 
at 440°C and liquid Rb2oTeso at 440, 360 and 280°C. 
Fig. 16 Pair distribution function g(r) for liquid Te at 500°C, liquid 
K5Te95 at 480°C, liquid KIoTe90 at 440°C and liquid K2oTeso at 440 
and 280°C. 
Fig. 17 Pair distribution function g(r) for liquid Te at 500°C, liquid 
RbloTe90 at 440°C and liquid Rb20Te8o at 440, 360 and 280°C. 
Fig. 18 Dynamical structure factor S(Q,E) for liquid K2oTe8o at 440°C 
in the Q range from 1.57 to 2.46A-1. 
Fig. 19 Inverse of relaxation time as a function of Q2 for liquid 
K2oTe80 (0, •) and liquid Te (x). Intermediate scattering functions 
F(Q,t) for liquid K2oTe80 at 1.90A-1 (full line) and liquid Te at 2.00 
A-1 (dotted line) arc shown in the inset. 
Fig. 20 Temperature variation of density for liquid Te and liquid Rb-
Te mixtures. 
Fig. 21 The arrangement of p-orbitals for m-Te4oScoo. Bold and 
dashed lines represent the short and long bonds. Hatched ovals 
indicate the LP orbitals and shaded ovals indicate the 2/3 filled p-
orbitals along the b-direction. 39) 
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Fig. 22 Fractions of the short and long covalent bonds obtained from 
EXAFS analysis for liquid K—Te (short; •, long; 0), liquid Rb—Te 
(short;  •, long; ^) and liquid Te (short; A, long; A). 
Fig. 23 Partial pair distribution functions for liquid Rb2oTeso at 440°C. 
Te—Te correlation gTe-Te(r) (full line) and Rb—Te correlation 
gRb-Te(r) (dotted line). 
Fig. 24 Electrical conductivity at 450°C as a function of alkali 
concentration for liquid Na—Te mixtures (A), K—Te mixtures (•), 
Rb—Te mixtures (I0) and Cs—Te mixtures (Y) together with liquid 
Na—Te 25) (A) and K—Te 11) (0) data by other authers. 
Fig. 25 A model of the metal—semicondoctor transition for liquid 
alkali—Te mixtures. The electronic density of states of liquid Te is 
shown in the figure (a) schematically. The unoccupied broad LP band 
along intcrchain direction (left) is distingushed from p—bands along 
intrachain direction (right). The electronic density of states of liquid 
alkali—Te mixture is shown in the figure (b). Upon the addition of 
alkali to liquid Te, the LP band along the intcrchain direction becomes 
narrower and the energy difference between the Q and o* bands along 
the intrachain direction larger. There appears the gap between LP and 
0  bands.
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Table I. Parameter values obtained from EXAFS analysis. Te-Te partial structure is 
analized using  the cummulant expansion method. Tc-Te coordination number N, bond 
length R, its mean square displacement 82, 3-rd and 4-th order cummulant, C3 and C4 are 
tabulated for liquid Te, liquid K-Te and liquid Rb-Te.
Sample Temp. (°C) N R(A) 82(A-2) C3(A3) C4 (A-3)
I-Te 410 1.88 2.845 0.135 0.91x10-3 0.17x10-3
I-K5Te95 450 
I-K8Te92 440 
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